Background-A previous observational study reported that endoscopic ultrasound (EUS) is associated with improved survival in older patients with pancreatic cancer. Our objective was to reevaluate this association using different statistical methods to control for confounding and selection bias.
Introduction
Increasingly, investigators are using the Surveillance, Epidemiology, and End Results (SEER) tumor registry and linked Medicare claims data to evaluate the comparative effectiveness of treatment options for cancer patients. 1 With proliferation of these analyses, investigators and policy makers must understand the limitations of using these data to assess outcomes in cancer research. With observational studies, cancer patients are not randomly allocated to treatment groups, leading to potential bias. For example, healthier patients might be more likely to receive aggressive therapy, especially where extensive operations or toxic chemotherapy are involved. Different factors can bias treatment effect estimates in either direction, and has led investigators to recommend caution in using administrative data to assess outcomes of cancer treatment. 2 For patients with pancreatic cancer, accurate staging predicts survival and guides management. However, the role of EUS in the evaluation of patients with suspected pancreatic cancer remains controversial. Conventional tests for the diagnosis and staging include computed tomography (CT) or magnetic resonance imaging (MRI). The use of EUS as a diagnostic tool has increased over time from 3% of patients with resected locoregional pancreatic cancer in 1992-1995 to 17% in [2004] [2005] [2006] [2007] . 3 EUS is invasive, expensive, requires procedural sedation, and can be operator-dependent. Potential complications include hemorrhage, infection, pancreatitis, and bile peritonitis, and can range from 0-10%. 4 However, EUS allows for tissue diagnosis whereas cross-sectional imaging does not 5 , and may have increased sensitivity as a diagnostic [6] [7] [8] and staging 9-11 modality. Ngamruengphong et al. 12 used SEER-Medicare data (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) to assess the impact of EUS on survival in patients with pancreatic cancer. After controlling for measurable confounding factors, EUS was associated with a 30% relative decrease in mortality. 12 We hypothesized that these findings were due to selection bias and after controlling for potential unmeasured confounding, any observed survival benefit would be attenuated. We reanalyzed SEER-Medicare data (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) , comparing overall survival in older patients with locoregional pancreatic cancer who received EUS to those who did not. We used standard multivariate regression models, propensity score methods, and instrumental variable analysis.
Methods
Our Institutional Review Board determined the study to be exempt from review.
Data Source
The National Cancer Institute's SEER database is a population-based registry of incident cancers in the U.S., including data on patient/tumor characteristics, treatment, and survival. 13 We used this database linked with inpatient and outpatient Medicare claims collected by the Centers for Medicare and Medicaid Services.
Cohort Selection
We included patients aged ≥ 66 years with histologically confirmed, locoregional pancreatic adenocarcinoma from 1992-2007. Only those with pancreatic adenocarcinoma as their first primary cancer diagnosis were included. International Classification of Diseases for Oncology, 3 rd Edition (ICD-9-CM) codes for pancreatic adenocarcinoma are shown in Table  1 . We included patients enrolled in Medicare Parts A and B for 6 months before and after diagnosis, or until death. We excluded patients diagnosed at autopsy or death. Patients were followed for two years after the date of diagnosis.
EUS and Survival
EUS was identified using Current Procedure Terminology (CPT) codes in Medicare carrier files and outpatient standard analytic files (Table 1) . Our outcome of interest was overall survival at two years from the date of diagnosis.
Patient Covariates
Covariates included age, sex, race, marital status, education quartile, SEER historic stage, SEER region, Charlson comorbidity index, diagnosis year, tumor stage, pancreatic resection, chemotherapy, radiation, and endostent placement. Education quartiles were determined by the percentage of patients in the patient's zip code area with at least a 12 th grade education. ICD-9-CM procedure codes and CPT codes were used to identify treatment variables (Table  1) .
Descriptive Analysis
We calculated summary characteristics for the overall cohort and for patients who did or did not undergo EUS. Chi square and t-tests were used to compare characteristics of categorical variables and continuous variables, respectively, between EUS groups.
From the date of diagnosis, Kaplan-Meier analyses were used to determine overall survival at two years in patients who received EUS compared to those who did not, for the overall cohort and stratified by resection status. Log-rank test was used to test the statistical significance of differences in survival. We also performed Kaplan-Meier analysis of cancerspecific survival (censoring patients who died of other causes) and non-cancer survival (censored if died of cancer).
Standard Cox Proportional Hazards Regression Models
Cox proportional hazards models were used to compare two-year cancer-specific and noncancer survival between patients who did and did not receive EUS for the overall cohort and stratified by resection status. Covariates in this model were listed previously (Patient Covariates).
Propensity Score Methods
A propensity score is the conditional probability that an individual would receive a certain intervention based on determined covariates. 14 Propensity scores were generated for each patient from a logistic regression model with receipt of EUS as the dependent variable. Independent variables in the propensity score model included the same variables as in the conventional Cox model, except resection. For resected patients, only chemotherapy and radiation administered prior to surgery (neoadjuvant) were included in the propensity score calculation; for unresected patients, receipt of any chemotherapy or radiation was included. We used propensity-based matching, propensity score risk-adjustment, and propensity score stratification.
Propensity-based Matching-Patients who received an EUS were matched based on propensity score to patients who did not receive an EUS by 1:1, 1:2, and 1:3 matching using the Greedy matching technique. 15 Figure 1 shows the overlap in propensity scores for patients who did and did not receive EUS; only overlapping patients were included for analysis. Table 2 shows the balance of measured patient characteristics for the 1:1 matchedpair sample. Cox proportional hazards regression models compared adjusted mortality rates between patients who did or did not receive EUS for the matched-pair samples. Models adjusted for variables that were not balanced by the propensity matching process (resection, chemotherapy, radiation).
Propensity Score Risk-Adjustment-Propensity score adjustment balanced pretreatment differences between EUS and no-EUS groups (Table 2) . A Cox proportional hazards model including the patient propensity score in addition to variables in the standard regression models was used to compare mortality rates in patients who did and did not receive EUS.
Propensity Score Stratification-Patients were stratified into quintiles on the basis of their propensity scores. Cox proportional hazards models comparing mortality rates between EUS groups were performed within each quintile. These models included the same variables in the standard regression models.
Instrumental Variable Analysis
Instrumental variable (IV) analysis was used to adjust for unmeasured confounding. IV analyses require the identification of a variable that is predictive of treatment choice but does not affect outcomes. Thoughtful consideration should be given to selection of an appropriate IV, or significant errors in estimation may occur. An IV must be strongly associated with the exposure of interest, and this association must not be confounded by other variables. Finally, the IV should have no direct effect on the outcome. 16 Percent EUS use in the patient's Health Services Area (HSA), defined as the percent of patients with locoregional pancreatic cancer in the HSA receiving an EUS, was selected as our IV. An HSA is a county or collection of counties that are clustered around a hospital. 13 HSA-level utilization has been used previously as an effective IV in cases where the use of an intervention of interest varies by hospital. 17 In our study, the percent EUS use per HSA was chosen because this should have no effect on the outcome, overall survival at two years. We identified 153 HSAs; we included HSAs with more than 5 patients to obtain stable estimates of EUS use, leaving 134 HSAs.
Percent EUS use was a continuous measure. We performed a partial F-test on the null hypothesis that there was a zero coefficient for the effect of HSA rate in the first-stage regression model. An F statistic >10 suggests that the instrument is not weak. The null hypothesis was rejected at p<0.0001, with an F statistic of 270. To determine the degree to which the instrument was successful in balancing prognostic factors, we compared patient and treatment characteristics across quintiles of the instrument (Table 3) .
Two different estimation methods were employed for the IV analyses. First, we estimated the parameters using a two-stage residual inclusion model, estimating the effect of EUS on mortality at one time point-2 years after diagnosis. The first-stage equation was a logistic regression model predicting EUS as a function of the IV and age, sex, race, marital status, tumor stage, SEER region, year of diagnosis, Charlson comorbidity index, education, and preoperative biliary stenting. From this model, we estimated each patient's probability of receiving EUS and then calculated the residual of EUS prediction. The second-stage equation was a Cox proportional hazards model that included EUS, the residual of EUS prediction, surgery, chemotherapy, radiation, and the same variables in the standard regression models. The second method was an exogenous probit analysis with mortality as the outcome. Patient record data were converted to person-month data, in which each patient was coded as alive or dead for each month of observation. The total number of records for each patient was equal to the number of months of follow-up. For the IV analysis, the probit model was used to analyze person-month data using a previously developed estimation method. 18 (Table 2) We identified 10,505 patients with locoregional pancreatic adenocarcinoma. EUS was obtained in 11.3% of patients. Patients who underwent EUS were more likely to be younger, white, married, have regional disease, and receive neoadjuvant therapy, endoscopic biliary stent placement, resection, and adjuvant chemotherapy/radiation compared to patients who did not.
Results

Patient Demographics and Unadjusted Analysis
Unadjusted Survival and Standard Cox Proportional Hazards Models
Of the 10,505 patients, 9,842 died in the 2-year follow-up period; 8,644 died of pancreatic cancer and 1,198 died of other causes. Receipt of EUS was associated with improved survival at two years compared to patients who did not receive EUS (21.7% vs. 12.8%, p<0.0001; Figure 2A ). For both resected ( Figure 2B ) and unresected patients ( Figure 2C ), survival was improved with receipt of EUS. Both cancer-specific and non-cancer survival were improved with receipt of EUS ( Figures 3A and 3B ).
In the Cox proportional hazards model, EUS was associated with improved two-year survival (HR 0.78, 95% CI 0.73-0.84, Table 4 ). Findings were similar when models were stratified by resection status. EUS was associated with improved survival in the resected (HR 0.74, 95% CI 0.64-0.86) and unresected groups (HR 0.76, 95% CI 0.70-0.83). Table 2 shows cohort characteristics after 1:1 propensity score matching. Propensity-based matching to non-EUS patients was possible for 1,138 of EUS patients (96.0%). The EUS and no EUS groups were well-matched with regard to patient and tumor characteristics, but EUS patients were more likely to receive surgery, chemotherapy, and radiation. Of note, the IV was not balanced in the propensity-matched cohort, suggesting residual unmeasured confounding.
Propensity Score Analyses
Propensity score methods produced similar survival benefits when compared to standard Cox regression models (Table 4) . EUS was associated with a 20-25% relative decrease in mortality, using 1:1, 1:2, and 1:3 propensity-based matching or propensity score riskadjustment.
Instrumental Variable Analysis
EUS rates ranged from 0% to 60.0% across the 134 HSAs (median 12.0%); 29 HSAs had an EUS rate of 0%.
In the IV analysis using a two-stage residual inclusion estimation (Table 4) , the survival benefit previously observed with EUS use was eliminated (HR 1.00, 95% CI 0.73-1.36). Similar findings were observed using the IV probit model (HR 0.91, 95% CI 0.62-1.35).
Discussion
Our study demonstrates the difficulty in determining causal inference in observational studies of cancer outcomes. In evaluating the association between EUS and survival, riskadjustment using standard regression and propensity score methods appears to be subject to unmeasured confounding or bias. While a previous study documented improved survival in pancreatic cancer patients receiving EUS, 12 there is little biologic plausibility for an effect of EUS on survival, especially in patients who did not receive pancreatic resection.
We suspect that patients who underwent EUS were healthier, had better functional status, and less extensive disease than patients who did not undergo EUS. Non-cancer mortality was also lower in patients who received EUS, supporting our hypothesis. These factors are not easily captured in SEER-Medicare data, resulting in unmeasured bias. EUS may also enable more accurate staging and better allocation of patients to appropriate treatment groups, which could contribute to an apparent survival improvement (stage migration). Finally, EUS may be a surrogate for increased access to resources, overall quality of care, and adequacy of resection. EUS is more readily available at academic institutions in urban areas 19 which are also usually high-volume centers for pancreatic surgery. While EUS may be an important staging modality in the management of some patients with suspected pancreatic cancer, we believe that its association with improved survival is confounded by these factors.
An association between EUS and survival was observed in both standard (Cox regression models) and propensity score (matching and risk-adjustment) risk-adjustment models. Only when we used IV methods was the survival benefit eliminated. Previous studies using observational data to evaluate cancer treatments have shown that propensity score methods were unable to control for confounding related to health status and tumor prognosis. In a review of 69 studies of propensity score methods, only 13% of analyses resulted in significantly different outcomes when compared to conventional adjustment models. 20 Giordano et al. observed a non-cancer mortality benefit in patients with prostate cancer who were treated with active treatment compared to those who underwent observation, 2 and Bosco et al. illustrated that receipt of adjuvant chemotherapy was associated with a higher risk for breast cancer recurrence. 21 An IV analysis pseudo-"randomizes" patients based on the IV, thereby addressing unmeasured confounders. Hadley et al. used both propensity scores and IV analysis to determine the effect of radical prostatectomy on prostate cancer-specific survival. 22 Multivariate regression and propensity score analyses demonstrated a prostate cancerspecific survival benefit with the aggressive treatment. However, in the IV-adjusted analysis there was no association with survival, consistent with prior RCTs.
An IV analysis is meant to inform decision-making on a population level, and not necessarily at the patient level, where there may be significant heterogeneity. 23 IV analyses estimate the treatment effect on the marginal population rather than the average treatment effect. The marginal population is the population that would receive EUS in a high-use HSA but not in a low-use HSA. Our study should be interpreted as answering the population-level question, "Will increasing EUS use at the population level improve survival?" rather than an individual-level question, "Will performing EUS improve the survival of this specific patient?" The comparative effectiveness of EUS to conventional staging modalities in a specific patient is not the aim of IV analyses, and there are circumstances where EUS is necessary at an individual level, benefitting the individual patient.
Our study has several limitations. Our propensity score model demonstrates variability between the survival outcomes of patients in quintile one compared to patients in the other quintiles. This quintile had an average EUS use of 1.7%; in this group there were likely clear contraindications for EUS use. For example, such patients may have been clearly resectable on CT or clearly unresectable with major vascular involvement. In this case, the few patients who underwent EUS were likely not subject to the same unmeasured confounding. In addition, the IV quintiles were not perfectly balanced for racial characteristics, education, and SEER region, indicating that these covariates could have potentially confounded our IV. However, our models controlled for these factors. In addition, effects of any geographic SEER region variability will be controlled by our IV, rate of EUS by HSA. However, there may have been systematic variation in patient health or access to resources across geographic areas that might have influenced the effectiveness of our IV.
The use of SEER-Medicare data to evaluate treatment effects on cancer outcomes has increased dramatically, in part due to a recent emphasis by policymakers on clinical outcomes research. 24 As more of these studies are disseminated, it is imperative to understand and address the limitations of this type of research, particularly the considerable likelihood of confounding. 25 Our study, by combining multivariate logistic regression, propensity score modeling, and IV analysis, illustrated a variety of techniques to address selection bias. Moreover, implausible results, such as an association between cancer therapy and non-cancer mortality, should be considered in this context, and it may be that some questions cannot be answered with observational data. Overlap of propensity scores between EUS groups. The median propensity scores for EUS and non-EUS matched groups were 0.16 (min, max 0.01-0.56) and 0.09 (min, max 0.0001-0.56). A. Kaplan-Meier analysis of two-year survival for patients with locoregional pancreatic adenocarcinoma, stratified by receipt of EUS. EUS group had improved survival (21.7% vs. 12.8%, p<0.0001). B. Kaplan-Meier analysis of two year survival for patients with locoregional pancreatic adenocarcinoma and EUS, in patients who underwent surgery. EUS group had improved survival (42.5% vs. 33.4%, p<0.0001).
C. Kaplan-Meier analysis of two year survival for patients with locoregional pancreatic adenocarcinoma and EUS, in patients who did not undergo surgery. EUS group had improved survival (8.6% vs. 5.6%, p<0.0001) A. Kaplan-Meier analysis of cancer-specific survival at two years for patients with locoregional pancreatic adenocarcinoma and EUS. EUS group had improved survival (25.4% vs. 16.4%, p<.0001). B. Kaplan-Meier analysis of non-cancer survival at two years for patients with locoregional pancreatic adenocarcinoma and EUS. EUS group had improved survival (85.3% vs. 78.4%, p<.0001) Cancer. Author manuscript; available in PMC 2014 November 01.
Selected Characteristics and Treatments, Endoscopic Ultrasound (EUS)
*
